Introduction
Metabolic acidosis in premature infants is well recognised,' 2 resulting from an imbalance between the infant's limited ability to excrete hydrogen ions and the total intake and metabolic production of acid.3 In most cases it resolves spontaneously in four to six weeks, but therapeutic correction with alkali is sometimes necessary. ' Early this century acidified milk was recommended for feeding sick infants' to facilitate the digestion of cows' milk protein. The acid produced finer milk curds and was thought to reduce bacterial infection of the gut. More recently it has been suggested that a more alkaline milk may have a bacteriostatic effect on specific Escherichia coli in vitro. 6 The modifications to the protein in the newer baby milk formulae make acidification unnecessary for digestion. Acidified milks fell into disfavour when it was realised that some of the infants became severely acidotic.7 Nevertheless, most of the manufactured baby milks on the market still present a greater acid load to the infant than breast milk. The acid load of any milk formula depends on the titratable acidity, the production of non-volatile acids from protein catabolism, and the net base concentration of the formula.2 This study was designed to determine whether the difference in acid load between breast milk and a modified cows' milk formula (SMA) had any effect on the acid-base balance of healthy fullterm neonates.
Method
Arterialised capillary blood was collected from a heel stab on the sixth day of life in 180 healthy term neonates at the same time as the routine Guthrie test was performed. The mother's informed consent was obtained. The samples were all taken at the same time of day into sealed heparinised capillary tubes, immediately placed on ice, and analysed on a Corning 165 pH/blood gas analyser within four hours of collection. In most cases the analysis was done in duplicate and the mean value was used. The titratable acidity of pooled breast milk and SMA (Wyeth Laboratories) was measured by titrating 30 ml of milk with 0-1-M NaOH to pH 7 40.
One hundred and three infants were given breast milk alone (mean pH 7-1, range 6-7-7 4) , and 61 were fed with SMA (meanpH 6-67, range 6-63-6-73) . A third group of 16 infants, who were mainly breast fed but were also given complements of SMA, was too small to compare with the first two groups, but these infants were included to determine the overall incidence of metabolic acidosis in the population.
All infants were healthy at the time of sampling, but the 29 infants with a history of perinatal complications, such as difficult delivery or caesarean section, fetal distress, or birth asphyxia, were considered separately.
By the sixth day the infants were offered 90 ml SMA formula or breast fed every three to four hours on demand. Infants were considered to be acidotic if the base deficit exceeded 10 mmol (mEq)/l, confirmed in most by a repeat estimation 24-48 hours later.
Results
The titratable acidity of pooled breast milk (pH 71) was 135 mmoi (mEq)/l and that of SMA formula (pH 6-67) 3 11 mmol (mEq)/l.
The mean values for both pH and base excess were significantly lower in the SMA-fed group than in the breast-fed group (P < 0 001). There was no significant difference between the two groups in birth weight, sex, race, or gestational age (table I). In the 29 infants with perinatal complications the base deficit in the SMA group was not significantly lower than that in the breast-fed group (table II) . Only five (4-9 0) of the breast-fed infants became acidotic compared with 25 (41 o") of the SMA-fed infants, and this difference was highly significant (P < 0 001) (table III). The overall incidence of acidosis at six days in the group with perinatal complications (21-1 0) was not significantly higher than in the normal group (18 60o) . Seventy-four per cent of the infants who became acidotic were bottle-fed, whereas only 34°o of the whole population were bottle-fed. *Difference in incidence between breast-fed and SMA-fed groups was highly significant (P <0-001).
The pH of the ingested milk was measured in 75 infants and related to the degree of metabolic aciodisis as measured by the base deficit. The correlation, although not close (r=0 38), was significant (P < 0 001). In one infant the correlation was found to be much closer (r= 0 9; P < 0-01) (see figure) .
All the infants in this study weighed over 2500 g at birth. No correlation was found between birth weight and acidosis, nor between the weight curve in the first six days and acidosis. By 4 weeks of age the acidosis had spontaneously resolved in all but four of the acidotic infants, in whom the acidosis persisted for three and a half to four months. Three of these were Negroes and three weighed under 3000 g at birth. Most of these infants were completely asymptomatic but a few had minor feeding problems.
Discussion
Infants fed with cows' milk formula (SMA) had a greater tendency to develop metabolic acidosis than those who were breast-fed, and as the two groups were comparable in other 5 6 7 8 9 10 11 12 13 14 15 Variations in pH of breast milk reflected by variations in pH and base excess of one infant over three months. respects the differences can be ascribed to the difference in the diet. This is supported by the correlation found between the pH of the milk and the degree of acidosis. The pH of breast milk fluctuates widely in the first 10 days.8 In the case of the infant illustrated in the figure the breast milk at six days had a pH of 6-8, which is well below the normal mean pH 7 1 for early breast milk. Although the maternal acid base state was not determined at the time, this relatively acid milk may have been related to maternal ketoacidosis, which in turn may have been related to a self-imposed ketogenic diet in place of the food served on the ward.
The high incidence of metabolic acidosis among healthy term neonates in this study is surprising. In Sweden in 1973 Svenningsen and Lindquist9 found that 500 of normal term infants were acidotic after the fifth day compared with 2000 of preterm infants, but the incidence of breast feeding in this population was not stated. These workers also found no significant difference in the weight curve in the first five days but a significantly lower rate of weight gain among acidotic infants between the fifth and fifteenth days.
There have been reports of severe metabolic acidosis in infants fed Nutramigen,'0 11 which is a milk substitute with a pH of 6-4, a high titratable acidity, and a low potential net base concentration. These infants failed to thrive until the acidosis was corrected by adding sodium bicarbonate to the diet. The importance of the dietary acid load to the net acid balance has been emphasised by Kildeberg," who showed that the main variables in the net acid balance of healthy premature infants were the dietary intake and the faecal excretion of anions.
Moreover, he suggested an actively regulated mechanism for the faecal excretion of base. In growing infants the deposition of base in the skeleton releases more acid into the circulation, and in premature or malnourished infants the buffering capacity of the blood may be reduced by a low haemoglobin concentration.
With their limited renal function3 4newborn infants depend on the presence of adequate urinary buffers, especially phosphate to excrete acid load.13 Breast milk contains only 5 mmol/l mg/100 ml) of phosphorus, compared with 33 mmol/l (102 mg/100 ml) in whole cows' milk. Widdowson et all4 found that the urinary phosphate excretion in 6 to 8-day-old breastfed infants was only 0-016 mmol/kg body weight/24 hours (05 mg/kg/24 hours) compared with 11 mmol/kg/24 hours (33 mg/kg/24 hours) in those fed on cows' milk. Furthermore, Fomon et al15 have shown that infants fed with a high-protein cows' milk formula could excrete more of a given acid load than ĩ~~~~~~~~~1 breast-fed infants because their urine contained more ammonia and phosphate to act as buffers.
The calcium: phosphorus ratio of cows' milk based formulae has been adjusted to improve calcium metabolism. As a result the phosphorus content has been reduced in SMA to 14-5 mmol/l (44-9 mg/100 ml), with a consequent decrease in the amount of urinary phosphate excreted. This limits the infant's capacity to excrete hydrogen ions buffered by phosphate and may be a disadvantage if the formula still contains a considerable acid load.
The high incidence of metabolic acidosis among bottle-fed infants in this study leads us to speculate on its possible role in the sudden infant death syndrome, which is commoner among bottle-fed infants.'6 The syndrome's peak incidence at two to four months coincides with the time when the haemoglobin concentration is at its lowest.'7 Infants who are already acidotic, although asymptomatic, would be less able to withstand the additional respiratory acidosis incurred by an upper respiratory infection or by hypoventilation during sleep,'3 and it is possible to imagine that irreversible acidosis might lead to sudden death.
The evidence suggests that the dietary acid load has an appreciable effect on the acid-base balance of normal term infants, and when breast milk is not available a pH-adjusted milk formula might be a desirable modification for preventing and treating neonatal metabolic acidosis. With the recent observations of hyponatraemia in infants of very low birth weight fed with low-sodium milk formulae' 9 there is a possibility that the addition of base in the form of sodium salt might lead to improved electrolyte and acid-base homoeostasis in bottle-fed infants.
